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this necrotizing process descends into the mediastinum,
pleural spaces, pericardium, and abdomen using the
contiguous deep spaces of the neck as portals of entry
(Fig 1). In the chest, DNM produces abscesses and
empyemas, pleural and pericardial effusions, intratho-
racic hemorrhage, and cardiac tamponade and frequent-
ly results in the death of the patient.
Despite the introduction of modern antimicrobial
therapy and computed tomographic (CT) imaging, this
form of mediastinitis has continued to produce mortali-
ty rates reported between 25% and 40% in the literature
(Table I). This poor prognosis could be due in part to
the difficulty in establishing and maintaining adequate
surgical drainage as DNM spreads among the fascial
compartments of the neck and chest.1-3 However, serial
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operative drainage and debridement, the mainstay of
therapy in other necrotizing infections, has rarely been
used in patients with DNM.4,5 The purpose of this
investigation was to assess whether such repeated sur-
gical drainage, directed by frequent cervicothoracic
computed tomographic (CT) imaging, was capable of
improving the survival of a series of patients with
DNM.
Patients and methods
A retrospective review was performed of patients with
DNM whom we treated from 1980 through 1998. Inclusion
criteria for the study population were those previously
defined by Estrera and associates6: (1) clinical manifestations
of a severe infection, (2) establishment of a relationship
between an oropharyngeal or cervical infection and subse-
quent mediastinitis, (3) demonstration of radiographic fea-
tures characteristic of DNM, and (4) documentation of a
necrotizing mediastinal infection at the time of operative
debridement or necropsy. Specifically excluded from this
review were patients with mediastinitis resulting from an
esophageal perforation, because diagnosis, treatment, and
outcomes in this subset of patients are fundamentally differ-
ent and well studied.
A historical cohort of patients with DNM was also
assembled from reports in the literature. We identified these
patients by performing a MEDLINE and manual Cumu-
lated Index Medicus search of English language journals
between 1970 and 1999. The previously described inclu-
sion and exclusion criteria were also applied to these
patients.
Both groups of patients had their records or case histories
abstracted for personal demographics; clinical course; indi-
cation, type, and frequency of imaging studies and opera-
tive procedures; length of hospital stay; morbidity; and
mortality. Mortality, for the purposes of this review, was
defined as a death occurring within 30 days of surgery or
during the initial hospitalization. Historical cohort patients
treated before the availability of CT imaging were exclud-
ed from the statistical analysis of CT imaging data. Data for
both groups of patients are expressed as the mean ± the
standard deviation of the mean except where otherwise
indicated. Differences between categoric variables were
evaluated by the Fisher exact test. Differences between
continuous variables were measured by the 2-tailed Student
t test.
Results 
Between 1980 and 1999, we treated 10 patients with
DNM. Their mean age was 37.7 ± 29 years (range 15-
62 years), with 9 patients being male (Table II).
Symptoms included odynophagia (n = 8), pharyngitis
(n = 5), pyrexia (n = 4), and shortness of breath (n = 2).
The focus of the inciting infection was odontogenic (n
= 4), a peritonsillar abscess (n = 3), or a retropharyn-
geal abscess (n = 3). Mean time from onset of symp-
toms until diagnosis was 2.7 ± 1.9 days (range 1-7
days). Patients in this series were all found to have
polymicrobial, aerobic, and anaerobic infections by
Gram stain. Empiric, broad-spectrum antibiotics were
initiated as soon as the diagnosis was suspected, and
the program was modified as culture and sensitivity
results became available.
Contrast-enhanced CT imaging of the neck and chest
was obtained on admission for all 10 patients.
Cervicothoracic CT imaging was also repeated 48 to 72
hours after any operative drainage or debridement or
with any deterioration of the patient’s clinical condi-
tion. CT imaging of the abdomen was performed when
the patient’s clinical condition failed to improve or
worsened in the presence of a normal cervicothoracic
CT scan or if the patient had signs or symptoms con-
sistent with an intra-abdominal infection. This resulted
Fig 1. The three deep spaces of the neck and their communi-
cation with the chest. 
Table I. Cumulative mortality of DNM in the literature
No. of No. of Mortality 
reports patients Survivors (%)
Pearse (1938) 1 37 18 49
1970-79 8 13 9 31
1980-89 11 26 16 38
1990-98 27 57 43 25
DNM, Descending necrotizing mediastinitis.
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in a mean of 6 ± 4 (range 3-15) CT imaging studies per
patient. Of the 46 CT scans performed after the initial
diagnosis, 24 were indicated because of clinical deteri-
oration. The remaining 22 CT scans were performed
empirically as surveillance studies, and 13 (59%) of
these 22 scans identified clinically unsuspected spread
of DNM, necessitating further operative therapy in 12
(92%) of the 13 cases.
All 10 patients in this series also underwent operative
drainage and debridement procedures of the neck and
thorax after the diagnosis of DNM. These procedures
were performed by a multidisciplinary team compris-
ing a head and neck surgeon, a thoracic surgeon, and an
oral maxillofacial surgeon if odontogenic disease was
encountered. The need for subsequent operative proce-
dures was determined by cervicothoracic CT imaging
as previously discussed. Specifically, the accumulation
of fluid or air and the identification of an abscess in the
neck, chest, or abdomen were indications for further
operative drainage and debridement. The mean number
of operative procedures per patient in this series was 6
± 2 (range 4-8) and included a mean of 4 ± 1 (range 2-
5) transcervical and 2 ± 1 (range 2-4) transthoracic pro-
cedures. Included in these figures were 5 patients who
underwent staged, bilateral, posterolateral thoraco-
tomies and 1 patient who required simultaneous, bilat-
eral thoracotomies to achieve adequate drainage of
their infections. Intra-abdominal infections developed
as a result of DNM in 3 patients in this series, and they
all underwent abdominal exploration. Tracheostomy
was indicated in 4 patients.
One hundred two patients with DNM were also iden-
tified from 49 reports published in the English literature
between 1970 and 1999. Ninety-six of these patients met
the criteria for inclusion in this review (see appendix).
Their mean age was 38.1 ± 29 years (range 11
months–71 years) and included 80 (83%) male patients.
All but 4 (4%) of these patients had mixed aerobic and
anaerobic infections; in the 4 exceptions the sole
pathogen was β-hemolytic Streptococcus. The origin of
the infectious process producing DNM in this population
was predominantly odontogenic (Table II). All of these
patients were also treated with intravenous antibiotics.
CT imaging of the neck and chest and operative
drainage and debridement were used significantly less
frequently in the literature cohort of patients than in our
series (Table II). Specifically, patients underwent a
mean of 2 ± 1 (range 1-4) CT imaging studies, 2 ± 1
(range 1-3) transcervical operations, and 0.7 ± 0.3
(range 0-2) transthoracic operations (Table II). Sixteen
(17%) of these patients required exploration of the
abdomen because of DNM and 34 (35%) patients
underwent tracheostomy.
Mean hospital length of stay for patients in our series
was 46 ± 30 days (range 14-113 days). All of these
patients had at least one episode of significant morbid-
ity in the postoperative period. These problems includ-
ed adult respiratory distress syndrome (n = 4), cardiac
tamponade (n = 3), acute renal failure necessitating
dialysis (n = 2), stroke (n = 2), pneumonia (n = 2), and
chylothorax (n = 1). Similar information regarding
morbidity and length of hospital stay was not consis-
Table II. Clinical characteristics of our series and the English language reports in the literature from 1970 to 1998,
with a statistical comparison of interventions and outcome
Our series Literature cohort P value
N 10 96
Age (y)
Mean 37.7 38.1 
Range 15-62 1-71
Male (%) 90 83
Initial site of infection (%)
Odontogenic 40 64
Peritonsillar abscess 30 20
Retropharyngeal abscess 30 16
CT imaging, mean ± SD 6 ± 4 2 ± 1 .02
Operative therapy, mean ± SD (range)
Tracheostomy (%) 40 35 .8
Transcervical 4 ± 1 (2-5) 2 ± 1 .0001
Transthoracic 2 ± 1 (2-4) 0.7 ± 0.3 .003
Abdominal (%) 30 17 .06
Hospital stay, mean days (range) 46 ± 30 (14-113) NA
Mortality (%) 0 29 .05
CT, Computed tomography; SD, standard deviation.
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tently available for patients in the literature cohort. No
operative mortality occurred in our series of patients,
whereas 28 (29%) patients in the literature cohort died
during the course of treatment.
Discussion
Efforts to reduce the mortality associated with DNM
have been only moderately successful over the past half
century. In the first modern series of patients with
DNM published in 1938, Pearse7 reported that 49% of
patients died during their treatment. However, despite
the subsequent introduction of intravenous antibiotics,
vast improvements in anesthesia and critical care, and
the development of CT imaging, our review found that
the frequency of death for patients with DNM reported
in the literature over the past 3 decades has remained
high (Table I).
The rarity of DNM has likely been one factor in its
continued lethality. As in other uncommon disorders,
prospective investigation of these patients is extremely
difficult, if not impossible. Reports of large series of
patients with DNM are also unusual, as evidenced by
the fact that this is only the second series of 10 patients
with DNM reported since 1960. Combine this lack of
published information with the reality that a thoracic
surgeon may see only one or two patients with DNM
during his or her career, and it is understandable that
the care of these patients remains challenging.
Much of the current treatment of patients with DNM
has been derived from a review of 10 patients with DNM
reported in 1983 by Estrera and associates.6 In addition
to emphasizing the need for empiric antibiotic therapy in
these patients, they were the first to appreciate the value
of CT imaging in establishing the diagnosis of DNM in
patients who often have a nonspecific constellation of
symptoms and a paucity of physical findings. Their en-
thusiasm for CT imaging in these patients was also con-
firmed by other investigators.8-10 Brunelli and col-
leagues11 found cervicothoracic CT imaging to be
immediately diagnostic in all patients in whom it was
used. Yang and Soimakallio,12 in a subsequent review of
imaging techniques used in the diagnosis of patients with
DNM, found that contrast-enhanced cervicothoracic
CT imaging delivered the most timely and accurate
information available. CT was preferable to soft tissue
radiography, indium white blood cell scanning, echo-
cardiography, and magnetic resonance imaging.
The results of our review also support the use of con-
trast-enhanced cervicothoracic CT imaging as the diag-
nostic study of choice for patients in whom DNM is
suspected. However, we also found that CT imaging
was equally valuable in identifying the unsuspected
progression of DNM into previously unaffected areas
of the neck and chest. When CT imaging is used fre-
quently for surveillance, it allows prompt, directed
operative drainage, often before clinical signs of dete-
rioration would have prompted reinvestigation.
As in other types of necrotizing infections, operative
drainage and debridement are essential in the treatment
of patients with DNM. Cervical exploration and
drainage, including definitive treatment of the inciting
oropharyngeal or cervical infection, is considered com-
pulsory therapy.13-15 However, because of the anatomic
relationships of the cervicothoracic region, the progres-
sive nature of DNM, and the variety of incisions avail-
able, controversy exists as to whether transthoracic
drainage and debridement of the mediastinum and
chest is universally required and what the optimal sur-
gical approach should be.
Central to these issues is a knowledge of the cervi-
cothoracic anatomy. Comprehensive reviews of the cer-
vicomediastinal fascial planes and spaces exist but are
beyond the scope of this discussion.1,3 In brief, the deep
cervical fascia of the neck is composed of a superficial,
a visceral, and a prevertebral layer, which create a pre-
tracheal, retrovisceral, and prevertebral space, respec-
tively, in the neck (Fig 1). Each of these potential
spaces contains loose areolar tissue and, by virtue of
their continuity with the pericardium, parietal pleura,
and mediastinum, readily serves as a portal of entry for
an oropharyngeal or cervical infection into the chest.
Some authors have recommended a selective
approach to surgical drainage of the chest in patients
with DNM. Howell,16 Estrera,6 and others have report-
ed that mediastinal drainage is best accomplished
through a transthoracic approach when the necrotizing
process extends below the level of the fourth thoracic
vertebra posteriorly or the tracheal bifurcation anterior-
ly.13 In the absence of these findings, they advocate
transcervical drainage of the mediastinum.
However, in light of the rapid spread of this type of
infection facilitated by the previously discussed region-
al anatomy, it is not surprising that other investigators
have advocated mandatory transthoracic mediastinal
exploration regardless of the level of involvement.
Marty-Ane,14 Wheatley,13 Brunelli,17 and their associ-
ates suggest that such compulsory transthoracic medi-
astinal drainage may confer a survival advantage to
patients with DNM. Corsten and colleagues,15 in a sub-
sequent meta-analysis, were able to identify a statisti-
cally significant difference in survival between patients
undergoing transcervical mediastinal drainage (53%)
versus those receiving transthoracic mediastinal
drainage (81%) (P < .05).
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Although individual practitioner bias and clinical cir-
cumstances will ultimately determine whether a trans-
cervical or transthoracic approach for mediastinal
drainage will be used in any individual patient, several
results from this review are pertinent to such a decision.
All 10 patients in this series underwent at least one
transthoracic mediastinal drainage and debridement pro-
cedure. In each instance, cervicothoracic CT imaging
had identified a mediastinal or other intrathoracic focus
of infection that was not believed to be amenable to tran-
scervical drainage by the multidisciplinary team of
physicians involved. Furthermore, despite what was con-
sidered adequate drainage at the initial operation, the
patients in this series required an average of one more
transthoracic and three more transcervical debridement
procedures during their care. Hence physicians should
anticipate that repetitive transcervical and transthoracic
operative procedures will be required in patients with
DNM if adequate drainage is to be achieved.
The literature describes several approaches for opti-
mal transthoracic drainage and debridement in patients
with DNM. Reports recommending the use of a subx-
iphoid approach, clamshell incision, median stern-
otomy, or a thoracoscopic approach can all be
found.13,18-20 Although each of these techniques offers
potential advantages and disadvantages, the posterolat-
eral thoracotomy incision remains the standard by
which other transthoracic approaches should be mea-
sured. In this series, it allowed comprehensive access to
a hemithorax including the ipsilateral mediastinum and
pericardium. A posterolateral thoracotomy provides the
broadest exposure of the prevertebral and parae-
sophageal planes without the risk of sternal osteo-
myelitis encountered with a sternotomy or clamshell
incision. Furthermore, posterolateral thoracotomy is
generally tolerated even by acutely ill patients.11
The absence of operative mortality in this series is
encouraging. This is due, at least in part, to the treat-
ment algorithm developed from the experience accrued
while caring for the patients in this series (Fig 2).
Besides the prompt initiation of broad-spectrum intra-
venous antibiotics, this algorithm includes the use of
contrast-enhanced cervicothoracic CT imaging in all
patients with deep space infections of the neck in an
attempt to recognize DNM early in its course. CT
imaging of the neck and chest are subsequently per-
formed with any clinical deterioration of the patient or
empirically 48 to 72 hours after operative drainage pro-
Fig 2. Treatment algorithm for patients with descending necrotizing mediastinitis (DNM). CT, Computed tomography.
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cedures to identify any progression of the infection.
Surveillance is continued until no evidence of progres-
sive infection is found on CT imaging and the patient
displays no clinical signs of infection. The strategy of
empiric surveillance CT scanning is supported by the
fact that 59% of these scans in our series identified
unanticipated progression of the necrotizing infection
necessitating further surgical therapy.
This algorithm also emphasizes the importance of
surgical drainage and debridement. Because initial
operative drainage is often inadequate in patients with
DNM, clinicians should expect that serial transcervical
and transthoracic procedures will be needed. These
drainage procedures are best performed by a multidis-
ciplinary team of physicians guided by CT imaging. A
transthoracic approach, especially in the form of uni-
lateral or bilateral posterolateral thoracotomies, should
be used without hesitation when it appears they would
provide superior exposure and drainage. Exploration,
debridement, and drainage of the retroperitoneum and
peritoneal cavity may also be required. The need for
tracheostomy should be assessed on an individual basis
for patients with DNM.
In summary, DNM remains a life-threatening infec-
tion. An improved understanding of the natural history
of this infectious process and the relevant anatomy con-
tinue to promote improvements in therapy for affected
patients. Specifically, the results of this review support
the use of a treatment algorithm that emphasizes early
diagnosis and surveillance with CT imaging, serial
transcervical and transthoracic operative drainage and
debridement, and the involvement of a multidiscipli-
nary team of surgeons. Incorporating these measures
into the patients’ treatment should reduce the excessive
mortality associated with DNM. 
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Discussion
Dr John Benfield (Los Angeles, Calif). It has been about
half a century since Alexander Fleming discovered penicillin,
then thought to be a miracle drug. Since my father was a prac-
ticing physician at the time, I recall the thought in the med-
ical community that penicillin would conquer the problem of
infection. We know that hope has not come to fruition. Anti-
biotic therapy is indeed very important for the treatment of
infection, but the basic principle remains that adequate and
prompt drainage and debridement are fundamental for success.
Two facts surface as the most important ones in your man-
uscript. First, among 22 surveillance imaging studies done
empirically without specific evidence of clinical deteriora-
tion, 13 or 59% identified unsuspected foci of infection. The
patients with these findings then required further operations.
Second, none of the patients from the University of
Washington died, whereas 25% to 40% of similar patients
reported by others died. You and your colleagues correctly
attribute your success to the liberal use of cervicothoracic
imaging 48 to 72 hours after each operation and to your will-
ingness to reoperate again and again when there were either
clinical or radiographic indications to do so. 
This is the analog of the aggressive and anticipatory
approach one must take to the treatment of clostridial infec-
tions or to the management of necrotizing pancreatitis. In my
experience with the management of infections such as those
and the cervicothoracic infections you have discussed, I can-
not recall a single instance of regret in having decided to
operate. I can recall many cases in which more prompt oper-
ation would have served the patient better. The results of your
study underscore the validity of the principle that the conser-
vative management of surgical infections is to operate
promptly when the patient’s condition is not improving.
Watching and waiting under such circumstances is radical;
the conservative approach is to find the infection, explore,
and debride and drain.
It is interesting to view this report in the context of today’s
cost-containment health care environment. The current phi-
losophy is to see whether one can get away with doing less
with the hope that this will result in lower costs. I could not
help asking myself how many of the life-saving imaging
studies that you did empirically would have passed the scruti-
ny of insurance companies and reviewers. Clearly your
judgement to do the studies was correct, and it would have
cost more had they not been done.
I have had occasion to successfully treat DNM resulting
from perforation of a radiated esophagus with video-assisted
transthoracic mediastinal drainage. Using the video-assisted
approach, one can inspect and irrigate the mediastinum and
precisely place chest tubes. This approach should be kept in
mind, in conjunction with appropriate cervical drainage. Have
you had occasion to use video-assisted surgery, Dr Freeman?
Dr Freeman. Thank you for your kind comments, Dr
Benfield. Certainly we have used the thoracoscope to drain
intrathoracic infections. However, in these 10 patients video-
assisted techniques were not used. All 10 patients had fairly
disseminated infections, and in each instance the primary sur-
geon thought that a posterolateral thoracotomy provided the
best exposure, especially for the posterior spaces, allowing
the placement of drains virtually from the cervical incisions
all the way down to the diaphragm. Thus the short answer in
this series is, no.
Dr Mark Reed (Honolulu, Hawaii). What sort of CT cri-
teria led you to transthoracic drainage in addition to or as
opposed to transcervical drainage? Is pleural effusion an ade-
quate criterion, or is there some extent of the mediastinal
phlegmon that leads you to open the chest as well?
Dr Freeman. In the 1980s some of the small series advo-
cated transcervical drainage of the mediastinum if the infec-
tion identified on imaging studies did not descend inferior to
the level of the fourth vertebra or the carina anteriorly.
However, we believe that infection anywhere in the medi-
astinum is best drained transthoracically. All three spaces
should be opened and drained widely. There were instances
in this series in which a simple pleural effusion without the
characteristics of an empyema was drained initially with a
chest tube. Those patients had no mediastinal involvement
that we could see at the time.
